Summary: HapFlow is a python application for visualising haplotypes present in high-14 throughput sequencing data. HapFlow identifies nucleotide variant profiles in raw read 15 sequences and creates an abstract visual representation of these profiles to make haplotypes 16 easier to identify.
Introduction 22
The emergence of high-throughput sequencing has enabled new experimental approaches 23 such as the sequencing of bacterial populations. Infections frequently contain multiple strains 24 of the same species (Darch, et al., 2015; Taylor, et al., 1995) . This has important implications 25 for detecting transmission events (Bachmann, et al., 2015) and determining treatment 26 outcomes (Cohen, et al., 2012) . Several methods have been developed to analyse mixed-27 strain populations. ShoRAH (Zagordi, et al., 2011) reconstructs a minimal set of global 28 haplotypes and estimates the frequency of inferred haplotypes. It requires variants be dense 29 enough to be linked by overlapping reads. A two-step maximum likelihood approach has also 30 been described to identify the portion of infection rising from dominant and minor strains 31 (Eyre, et al., 2013) . This approach does not rely on variant density but is unable to infer local 32 or global haplotypes. A tool that visualises haplotypes in sequencing data is needed to 33 identify the best strategy for genomic analysis of multiple strains of the same bacteria within 34 a sample. are not grouped by haplotype making it difficult to identify how frequently a haplotype is 43 represented in the sequencing data. 44
45
HapFlow addresses these problem by abstracting read alignment data to make the haplotypes 46 3 present easier to identify. HapFlow can be used to help identify potential sites of 47 recombination, identify the minimum number of strains present in a sample and determine 48 whether defining local or global haplotypes is possible using sequence data alone. 49
Implementation 50
HapFlow is a python tool that uses the Tkinter windows system. It is available as a Python 51 script or using the package manager PIP. It contains two parts: HapFlow-generator, a process 52 for creating a flow file, which contains the count of reads with each haplotype profile and 53
HapFlow-viewer, a tool for visualising the flow file. 
Results and discussion 79
To demonstrate the application of HapFlow, reads from the recent sequencing of a Chlamydia 80 pecorum PCR-positive swab sample collected from the urogenital tract of a koala with mixed 81 C. pecorum infections were analysed. C. pecorum DNA was extracted directly from the host 82 cell contaminants using Sure-Select RNA probes and sequenced using an Illumina Hi-Seq to 83 produce 101bp paired-end reads, as previously described (Bachmann, et al., 2015 ). These 84 reads were then mapped back to E58 using Bowtie-2 and then variant calling was performed 85 using FreeBayes. Exploration of the HapFlow diagram identified several regions in low 86 complexity areas where non-chlamydial DNA had been captured. Importantly, several regions 87 where read coverage in the dominant strain dropped below that of the minor strain were 88 identified (Figure 1 ). This was not unexpected as sequence capture is less efficient at 89 capturing DNA in areas where the sequence of the strain varies significantly from the probe. 90
This meant that any method of consensus calling that relied on coverage would result in a 91 chimeric genome not representative of either strain. Due to the proximity of variants, a 92 linkage approach was used to determine the sequence for large regions of both strains. 
